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Utilizing the moment arm shown in Fig. 33.1, we obtain the maximum bending 
stress from the elementary beam formula. Note that the term 2a/7r follows from 
a consideration of the centers of gravity for the two concentric, semicircular arcs. 
Hence, 
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Obviously, Eq. (33.2) is only approximate, since the curvature of the flange ring 
and the effect of the pipe wall have been ignored. Nevertheless, the method is a 
rather ingenious use of the theory of straight beams and it gives surprisingly good 
results when applied to loose flanges or flanges welded to thin pipes. The effect of 
radial stresses in such flanges can of course be neglected. 


THICK HUB AND RING MODEL 


When the pipe is relatively thick and the circumferential stresses are ignored by 
assuming a number of radial slots, a cantilever beam method was sometimes em¬ 
ployed. The corresponding notation and configurational details for this analytical 
model are given in Fig. 33.2. This method of calculation yields radial stresses only 
and it is expected to have a rather limited field of application. In reality, it can 
only be used in the case of a relatively thin flange made integral with the thick pipe 
of a large diameter. Under these conditions the maximum radial stress becomes 
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(33.3) 


Where radial stresses are expected to be relatively low, a significant refinement 
is achieved by utilizing the theory of rings [5]. The corresponding mode of defor¬ 
mation and the basic notation are given in Fig. 33.3, where the cross section of the 
flange ring is assumed to rotate through angle 6 , shown in an exaggerated manner. 
The cross-sectional dimensions of the flange ring are relatively small compared to 
the ring diameter, and it is assumed that the rectangular shape of the cross sec¬ 
tion does not change under stress. The latter assumption is consistent with the 
idea of neglecting radial stresses, which suggests that this theory applies to flanges 
attached to relatively thin pipes. 


CRITERION OF FLANGE ROTATION 

In establishing the equations for calculating the bending moment and the shearing 
force per unit length of the inner circumference of the pipe, where the flange ring 
and the pipe are joined, radial deflection is assumed to be zero and the angle of 
rotation of the edge of the pipe is made equal to the angle of rotation of the flange 
cross section. In Fig. 33.3, this angle is denoted by 6, and use is made of the theory 
of local bending and discontinuity stresses in thin shells [192], together with the 
theory of a circular ring subjected to toroidal deformation. 



